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Abstract 
This paper provides one of the first empirical studies that examine the impact of climate change 
adaptation practices on technical efficiency (TE) among smallholder farmers in Nepal. An 
adaptation index is used to explore the impact of farmers’ adaptation on TE using the stochastic 
frontier analysis framework. Data for six districts of Nepal representing all three agro-
ecological regions (Terai, Hill and Mountain) were collected from a focus group discussion, a 
stakeholder workshop and a household survey. The survey shows that about 91% of the farming 
households have adopted at least one practice to minimize the adverse impacts of climate 
change. Empirical results reveal that adaptation is an important factor explaining efficiency 
differentials among farming households. Those adopting a greater number of adaptation 
practices on a larger scale are, on average, are found to be 13% more technically efficient than 
those adopting fewer practices on smaller scale. The empirical results also show that average 
TE is only 0.72, indicating that farming households in Nepal could further improve productive 
efficiency by 28%. Other important factors that explain variations in the productive efficiency 
across farming households include farmer’s education level, irrigation facilities, market access, 
and social capital such as farmer’s participations in relevant agricultural organizations and 
clubs.  
 
 
 
Key words: agriculture, climate change; adaptation; technical efficiency; stochastic production 
frontier; Nepal 
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1. Introduction 
It is now accepted that climate change has become a serious threat to agriculture. With more 
than 60% of the population in developing countries dependent on agriculture, climate change 
is expected to have an increasingly severe impact on their livelihood and food security 
(Vervoort et al., 2014; Winters et al., 1998). The Intergovernmental Panel on Climate Change 
(IPCC, 2007) concludes that even small increases in temperature can decrease agricultural 
yields at lower latitudes, and that, beyond two degrees of warming, reduces potential yields in 
most regions of the world. Akram (2012) demonstrates this negative and significant 
relationship between climate change and agricultural productivity in a study of Asian countries. 
At present 805 million people are estimated to be experiencing some form of shortage in food 
supply (FAO, 2014). Thus, unless appropriate actions are taken to minimize the negative 
impacts of climate change, the risk of food insecurity is likely to increase.  
 
In response to these developments, farmers have been exercising adaptation practices to 
minimize the adverse climate change impacts. Use of different crop varieties, soil and water 
conservation, early and late planting, improved irrigation, use of agroforestry, seed banks etc. 
have been identified as the main practices used by farmers to adapt to climate change impacts 
(Below et al., 2012; Deressa et al., 2009; Yila & Resurreccion, 2013). A number of studies find 
that implementing such practices reduces the impacts imposed by climate change in agriculture 
(Di Falco, Kohlin, et al., 2012; Di Falco et al., 2011; Finger et al., 2011). The approximate 
global change in welfare for the agricultural sector without adaptations is between losses of 
US$ 61.2 billion and gains of US$ 0.1 billion. This is in contrast to losses of US$ 37 billion 
and gains of US$ 70 billion if appropriate adaptations are put in place (See:Kurukulasuriya & 
Rosenthal, 2013). Easterling et al. (2007) report that adaptation of agriculture would result in 
increased yields of major cereal crops - rice, wheat and maize. Finger et al. (2011) reveal that 
the negative impact of climate change on maize production on the Swiss plateau is expected to 
be small if simple adaptation options such as shifts in sowing dates and adjustments in the 
production intensity are taken into account. Even though there is little evidence that adaptation 
increases agricultural productivity (Di Falco et al., 2011; Di Falco, Yesuf, et al., 2012), the 
existing scientific knowledge regarding agricultural climate change adaptations and its link 
with farm level production efficiency has not been examined, as far as the authors are aware. 
 
Using household level data from Nepal, this study assesses the impact of climate change 
adaptation practices on farm production efficiency. Nepal is an ideal case study for studying 
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farmers’ adaptation to climate change for a number of reasons. First, agriculture has historically 
been a dominant sector in Nepal, contributing about 35% of total gross domestic product and 
employing 70% of the population (MoAD, 2012). Although agriculture has special significance 
and economic importance for Nepal, its production and productivity have not been encouraging 
and their rate of growth unstable (MoF, 2013). Nepalese farmers grow crops under uncertain 
environments as rain-fed farming accounts nearly for two-thirds of the cultivated area 
(Maraseni, 2012). Changing climate and the resultant prolonged droughts and unseasonal rains 
affect much of the agricultural production in the country. For example, due to unfavourable 
weather conditions in 2012/13, rice, maize and millet production fell by 11.3% , 8.3% and 3.0% 
respectively compared to the previous year (MoF, 2013). In 2013/14, rice could not be planted 
in an area covering around 50,000 hectares due to inadequate rainfall (MoF, 2014).   
 
Second, the country’s altitude rises from 60 metres above sea level (masl) to the world’s highest 
peak (Mount Everest at 8848 masl) and is comprised of three distinct ecological regions: Terai, 
Hill and Mountain. Each of these regions represent a well-defined geographic area with distinct 
altitude, socioeconomic and climatic characteristics that vary from subtropical in the lower 
elevations of the Terai to the alpine condition in the higher Hill and Mountain. The wide range 
of altitude and climate has given rise to different agricultural land types and associated 
ecosystems. The impact of climate change has therefore been observed differently in different 
regions demanding location specific climate adaptation strategies (Chhetri et al., 2012).  
 
Third, to address the issue of climate change, different adaptation programs have been initiated 
in Nepal at the national and local level. The government of Nepal prepared the National 
Adaptation Program of Action (NAPA) in 2010 which identified well-defined priorities for 
climate change action. The Local Adaptation Plan of Action (LAPA) framework has also been 
developed which provides opportunities to assess site-specific climate vulnerabilities and 
identify and implement adaptation actions. To promote climate adaptation and mitigation in 
response to the international climate regime, a Climate Change Policy was proclaimed by the 
Nepalese government in 2011. In this context, identification of appropriate adaptation practices 
and their impact on agricultural production efficiency have been designed to support policy 
makers for robust planning and implementation of adaptation plans and programs. In accepting 
the importance of the agricultural sector in Nepal and its sensitivity to climate change impacts, 
the paramount importance to increase the agricultural production through productivity and 
efficiency is recognised.  
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There are numerous empirical studies on agricultural producers’ technical efficiency (TE) (e.g., 
Khai & Yabe, 2011; Mishra et al., 2015; Tadesse & Krishnamoorthy, 1997; Tan et al., 2010). 
Once efficiency scores have been obtained, most studies regress farmers’ characteristics and 
their environment to estimates on technical inefficiency. The explanatory variables selected in 
these studies usually include those related to farmers’ human capital (such as age, education, 
family size), technical knowledge (such as experience, specialization), physical capital (such 
as farm size, household assets) and institutional capital (such as access to credit and 
information). A few studies included farmers’ management practices and innovations that are 
believed to affect TE. These studies include, Lohr and Park (2006), who estimated the influence 
of soil management techniques on the TE of US organic farmers and Amara et al. (1999) who 
studied the relationship of adoption of conservation technologies and TE among potato farmers 
in Quebec. Solís et al. (2007) analysed TE levels of hillside farmers under different levels of 
adoption of soil conservation in El Salvador and Honduras. The limitation of these studies is 
that they do not consider the relative importance of different practices adopted by farmers. To 
the best of our knowledge, the influence of climate change adaptation practices on agricultural 
production efficiency is non-existent in the literature, which is the main focus of this study.  
 
Measuring adaptation practices by small-scale farmers is challenging due to variations in type, 
intensity and scale of adaptation. In recent years, a number of studies have assessed 
vulnerability and adaptive capacity using indices (Below et al., 2012; Gbetibouo et al., 2010; 
Hahn et al., 2009). Hahn et al. (2009) developed a livelihood vulnerability index to estimate 
climate change vulnerability in two districts of Mozambique based on their review of the 
literature on components of vulnerability. The limitation of their study lies in their use of a 
balance weighted average approach which assumes each sub-component of the index 
contributes equally to the overall index. However, this assumption is questionable (Below et 
al., 2012). 
 
Several studies have empirically assessed the determinants of climate change adaptation at the 
farm level. These studies have investigated the relationship between adaptation and other 
explanatory variables taking adaptation as categorical dependent variables (Deressa et al., 
2009; Di Falco et al., 2011; Hassan & Nhemachena, 2008). In practice, however, there could 
be variations in the use of adaptation measures. A single farmer can apply multiple adaptation 
practices. Some other studies therefore measure adaptation as the total number of adaptation 
practices used in a farm and employ them as dependent variables (Esham & Garforth, 2013; 
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Niles et al., 2016). In reality, of course, all the adaptation practices are not equally important 
in adapting to climate change impacts.  
 
Below et al. (2012) developed an activity-based adaptation index and explored the relationship 
between socioeconomic variables and farmers’ adaptation behaviours. Their study addressed 
the weighting problem by using local expert knowledge for site-specific weighting of indicated 
variables and sub-components. The weakness of this study is that, in creating an adaptation 
index, it accounts only for the incidence of various adaptation practices adopted, without 
considering the scale at which those practices are actually carried out at the farm level. Our 
contribution to this line of research is that we calculate the adaptation index based on the 
importance of adaptation practices as perceived by the local stakeholders and the actual 
implementation of particular adaptation practices at the farm level. The fundamental 
assumption is that farmers implementing effective, feasible and sustainable adaptation 
practices on a larger scale can better respond to climate change. It is also expected that 
implementation of adaptation practices increases the effectiveness of input use and leads to 
higher farm TE.  
 
Given this background, the objectives of this study are three-fold. First, it is to assess adaptation 
practices adopted by smallholder farmers in dealing with the adverse impacts of climate change. 
Second, the role of climate change adaptation practices is analysed as a means of explaining 
production efficiency of smallholder farmers. Third, other factors that determine TE of 
Nepalese farmers are analysed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 8 
 
2. Methods 
Study area  
Topographically, Nepal is broadly 
divided into three regions: the 
Terai in the south, the Hill in the 
centre and the Mountain in the 
north. These regions are 
characterized by distinct agro-
ecological and climatic conditions 
determining different production 
potentials. The Terai constitute 
35% of total land in the country of 
which about 38% is cultivated and 
is of relatively high agricultural 
potential. The region consists of 
flat land that extends from 60 
masl up to 800 masl. The most 
important crops grown are paddy, 
wheat and maize. The Hill region constitutes 42% of total land of which about 15% is cultivated. 
The region comprises steeply sloped lands with several small valleys and is in the range of 800 
to 4,877 masl. Maize, paddy and wheat are the most important crops grown in the region. The 
Mountain region constitutes 23% of total land area of which about 4% is cultivated. The region 
ranges in altitude from 4,877 to 8,848 masl and consists of steeply sloped lands and snow 
covered mountains with few valleys. Barley, wheat and buckwheat are the major crops grown 
in this region with livestock also play an important role.   
 
Administratively, Nepal is divided into 75 districts. In this research, two districts from each 
ecological region were selected: Mustang and Rusuwa from the Mountain region; Kaski and 
Dhading from the Hill region, and Chitwan and Rupandehi from the Terai region. The field 
study was conducted by means of randomly selecting two village development committees 
(VDCs)1 in each district. The unit of analysis is the farming household, which is the decision 
                                                 
1A VDC is an administrative unit in Nepal similar to municipality which is further divided into nine wards. Each 
ward constitutes one several villages. 
Fig 1. Map of Nepal showing the ecological regions 
and the study districts 
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making unit in the agricultural production process. We selected 120 households from each 
district through a simple random sampling technique.    
 
Data  
Data on adaptation practices at the household level, inputs and outputs used in agricultural 
production and other socio-economic characteristics, are drawn from the household survey. 
Selection of data follows the existing literature (Chen et al., 2009; Mishra et al., 2015; Rahman 
& Rahman, 2009). The output variable is measured as the total value of agricultural production2 
in Nepalese rupees (NRs). Inputs include the area of land under cultivation measured in 
hectares, labour used in crops production measured in man-days, the quantity of fertilizers used 
measured in kilogram and capital input measured in NRs. Capital input includes the 
expenditure on pesticides, seeds etc. For specific crops, the output variable is the particular 
crop production measured in kilograms while the input variables are land (ha), labour (man-
days), fertilizer (kg) and seed (kg) used to produce the specific crop.  
 
A total of six variables representing adaptation and other socio-economic characteristics3 of 
the farming households are included in the inefficiency effects model. Socio-economic 
variables include farming experience of household head in years, education of household head 
in years, distance to market in kilometers, share of irrigated land calculated as the percentage 
of irrigated land to the total cultivated land,  the adaptation index measured using equation 1 
and 2, and membership in a farmers’ group or association. The latter variable is measured as a 
dummy variable that takes the value 1 if any member of a household is a member of a farmers’ 
group or association. We also included the age of the household head and the total number of 
crops grown. However, initial analysis of the sample data produces a strong correlation 
between age and farming experience, and number of crops and adaptation. Age and number of 
crops were therefore excluded in our data in favour of farming experience and the adaptation 
index.  
 
                                                 
2 Total value of agricultural production is measured as the sum of the value of all the crops produced by a 
household. This includes the value of both the sold quantity and that kept in the house for family consumption. 
We collected data on actual crops production in kilogram. However, we choose to use the value as the output 
variable because the majority of households produce more than one crop. In our sample, on average, a farming 
household produces three different crop species.  
3 Selection of these variables is based on existing literature (e.g.,Binam et al., 2004; Chen et al., 2009; Coelli & 
Fleming, 2004; Rahman, 2011). 
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Table 1 presents a summary of the inputs, output and household specific socio-demographic 
information. It shows that a typical farming household in Nepal, on average cultivates 0.56 
hectare of land area, of which about 60% is irrigated and produces agricultural products with 
an average value of NRs 50727.56. On average, the household head has 6.6 years of education 
and a farming experience of 24 years. On average, the farming households are located 8 
kilometres away from the nearest market, and about 62% of the households have at least one 
family member associated with farmers’ groups or associations.  
 
Table 1. Descriptive statistics of variables included in the study 
Variables Overall (n=704)4 Rice (n=422) Maize (n=382) Wheat (n=160) 
Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev. 
Production 50727.56 46609.60 1981.77 2268.11 338.40 431.46 1429.86 1745.54 
Land 0.56 0.62 0.50 0.51 0.21 0.18 0.53 0.65 
Labour 59.09 48.57 43.70 44.96 11.27 7.22 21.74 41.04 
Fertilizer 137.65 250.80 100.60 185.74 9.81 14.46 153.52 207.97 
Capital 4197.72 8994.12             
Seed     22.24 35.32 6.11 6.53 70.26 89.18 
Farming 
experience 
24.15 13.42 25.16 13.70 22.99 13.26 23.62 11.82 
Education 6.63 4.21 6.81 4.02 6.55 4.20 6.67 4.40 
Distance to 
market 
8.07 10.51 14.45 14.26 13.71 13.85 3.78 4.31 
Share of 
irrigated 
land 
60.89 28.72 84.13 19.46 44.60 27.92 80.26 14.25 
Membership 0.62 0.50 0.53 0.30 0.29 0.36 0.64 0.36 
Adaptation 
index  
90.74 80.10 76.77 87.27 67.09 68.35 53.50 56.02 
 
Measuring farm level adaptation  
To investigate farmer adaptation practices, we first identified those that are currently used by 
farmers in the study area through a review of the literature and the focus group discussions 
(FGDs)5 with farmers in respective villages. The practices that had been implemented by 
farmers for many years without reference to climate change impacts were not taken into 
                                                 
4 Our total sample size was 720. However, we had to exclude a small number of observations (16) during the 
analysis because of missing information on input and output variables. 
5 One FGD was conducted with farmers in each district to understand their perception of climate change and to 
identify climate change adaptation practices adopted in the study area. 
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consideration. Then we conducted stakeholders’ workshops6 in each agro-ecological region to 
assign weights to adaptation practices. The participants in the workshops were local 
agricultural and extension experts from governmental and non-governmental organizations, 
leader farmers and key informants in the area. Through thorough interactions with stakeholders’ 
participants, scores were assigned for each adaptation in relation to effectiveness, feasibility 
and sustainability. A 10 point Likert scale was used for rating the practices based on all three 
criteria; 10 representing very effective and 0 being not effective at all. Similarly scores for 
feasibility and sustainability were given based on a 10 points scale. These three scores were 
then added to obtain the total weight of an adaptation practices. Through the household survey, 
we assess the actual adaptation practices used by farmers on their farm lands.  
 
Following Below et al. (2012) we calculated adaptation as the sum of the weighted adaptation 
practices of the farmer: 
AIj = w1v1j + ………wnvnj  (1) 
Where, 
AIj = adaptation index of household j; 
W1 = weighting factor of adaptation practice 1; 
V1j = jth household value for practice 1 (which takes the value 1 if the jth household adopted 
practice 1 and 0 if not adopted). 
For specific crops, we calculated the adaptation index based on the number of years and the 
percentage of area where the particular adaptation practice is exercised by an individual farmer. 
In the above formula, the crop specific adaptation index of an individual farmer V1j is given by 
V1j = jth household value for practice 1 with respect to the numbers of years and area of practice 
implementation.  
V1j =  y1j * a1j  (2) 
y1j = 1 if the household j is implementing practice 1 for less than 2 years.  
        2 if the household j is implementing practice 1 for 2 to 5 years.  
        3 if the household j is implementing practice 1 for more than 5 years.  
a1j = proportion of total area under practice 1 of the jth household.  
 
 
 
 
                                                 
6 One stakeholder workshop was organized in each ecological region to assess the importance of different 
adaptation practices identified through the FGD. 
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Efficiency estimation 
Farm TE is defined as the ability of a farmer to produce maximum output with given quantities 
of inputs and technology (output oriented) or the ability to use minimum inputs to produce a 
given quantity of output (input oriented). Stochastic frontier analysis (SFA) and data 
envelopment analysis are the most commonly used methods in analysing efficiency. In this 
study, we use SFA as a measure of agriculture production which is subject to heterogeneous 
environmental factors such as weather which are beyond the control of farmers. Moreover, 
considering the comparatively poor education of farmers, respondents might not answer with 
precision some of the questions which can affect efficiency measurement.  
 
The SFA model was simultaneously introduced by  Aigner et al. (1977) and Meeusen and Van 
den Broeck (1977), and has been increasingly used to estimate TE. The TE of an individual 
unit is defined as the ratio of observed output to the corresponding frontier output, given the 
level of inputs used by the farm (Battese & Coelli, 1995). Many studies used a second stage 
regression method to determine the farm specific attributes in an attempt to explain the 
observed differences in efficiency among farms. However, Battese and Coelli (1995) 
incorporated farm specific characteristics in the efficiency model directly. This model allows 
estimates of the farm specific sources and the factors explaining efficiency differentials among 
farms in a single procedure. We adopted this model and used Frontier 4.1 software (Coelli, 
1996) for the analysis. The general form of the model is:  
Yi = xiβ + (Vi – Ui)           i = 1,2................N   (3) 
where,  
Yi is the logarithm of the production of farm i, 
xi is the vector of the logarithm of input quantities used by farm i, 
β is the vector of unknown parameters to be estimated, 
Vi are random variables that are assumed to be identically and independently distributed, 
N (0, σ2v) are two sided random errors, independent of  Ui, representing random shocks, such 
as exogenous factors, measurement errors, omitted explanatory variables, and statistical noise, 
Ui are non-negative random variables, associated with inefficiency in production, which are 
assumed to be independently distributed as truncations at 0 of the N (mi, σ2u) distribution; where, 
mi = ziδ  (4) 
mi is the inefficiency of farm i, 
zi is the vector of variables which may influence the inefficiency of a farm, and 
δ is vector of parameters to be estimated.  
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The maximum likelihood method is used to estimate the unknown parameters, with the 
stochastic production frontier and the inefficiency effects. Following Battese and Coelli (1995), 
the likelihood function is expressed in terms of the variance parameters, σ2= σ2v+ σ2u and  = 
σ2u/σ2v.  
The measures of TE relative to the production frontier is defined as  
EFFi = E(exp(Yi*)Ui,Xi)/E(exp(Yi*)Ui=0,Xi),  (5) 
where Yi* is the production of farm i. In the case of the production frontier, EFFi will take a 
value between zero and one. The efficiency of production of farm i, given the level of inputs, 
is defined by as exp (-Ui), a log form dependent variable.  
 
Functional forms 
A functional form for the production function must be selected to estimate the stochastic 
production model represented by equation (3). The most commonly used functional forms of 
production efficiency of agricultural farms are Cobb-Douglas (CD) and Transcendental 
Logarithmic (TL) (Thiam et al., 2001). The TL functional form is more flexible and makes 
fewer assumptions about the form of the production function, but it seems less appropriate for 
small data sets as more parameters have to be estimated. We first specify CD production 
function and test the appropriateness of CD against the TL form. The Cobb-Douglas functional 
form is expressed as  
ܮ݊ ௜ܻ ൌ ߚ଴ ൅෍ ߚ௝	
ସ
௝ୀଵ
ܮ݊ ௜ܺ௝ ൅ ௜ܸെ ௜ܷ  (6) 
 
where, Y is the output variable, X1-4 are the 4 input variables included in the study, Vi is the 
random noise, and Ui is the inefficiency term.  
The TL functional form differs from the CD functional form in that second-order coefficients 
and interactions among the input variables are included. The TL functional from is expressed 
as 
ܮ݊ ௜ܻ ൌ ߚ଴ ൅෍ ߚ௝	
ସ
௝ୀଵ
ܮ݊ ௜ܺ௝ ൅෍ 	
ସ
௝ୀଵ
෍ ߚ௝௞	ܮ݊ ௜ܺ௝ܮ݊ ௜ܺ௞
ସ
௞ୀଵ
൅ ௜ܸെ ௜ܷ																												ሺ7ሻ 
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3. Results and discussion 
Climate change adaptation in the study sites 
In response to long-term perceived changes in climatic parameters, Nepalese farm households 
have undertaken a number of adaptation measures. A total of 24 practices were identified 
through a literature review (Manandhar et al., 2011; Maraseni, 2012) and from focus group 
discussions with farmers in the study sites. From the household survey, we asked the farm 
households if they had adopted these practices in response to the long-term changes in 
temperature and precipitation and the resultant impacts such as drought, flood, rainfall 
variability, and increased infestation of diseases and insects. The practices are categorized into 
five groups: crop and varietal adjustment; adjustment in the timing of farm operations, soil and 
water management; fertilizer management and off-farm adjustment.  
 
The household survey results showed that about 91% of the farm households had undertaken 
at least one adaptation measures in response to the changing climate (Table 2). The most 
commonly used adaptation measure is the change in planting and harvesting date (42.5%) 
followed by growing diverse crops and varieties (39.7%), farm yard manure management 
(36.9%) and improving or increasing irrigation (33.2%). The frequencies of adoption of 
adaptation practices differed by agro-ecological regions. The most commonly adopted measure 
in the Terai region is changing planting and harvesting date (56.6%) followed by increasing 
and improving chemical fertilizer use (42.1%), increasing and improving irrigation (38.3%) 
and controlling flood during heavy rainfall (37.5%). In the Hill region, the most frequently 
adopted measure is growing diverse crops and varieties (42.5%) followed by increasing and 
improving farm yard manure use (39.17%), changing planting and harvesting date (38.7%) and 
crop rotation (37.1%). Similarly, in the Mountain region, the most frequently adopted 
adaptation measure is increasing and improving irrigation (47.5%) followed by increasing and 
improving farm yard manure use (40.0%), growing diverse crops and varieties (39.6%) and 
changing planting and harvesting date (32.1%). These differences can be explained by the 
contrasting climatic, social and economic conditions across the agro-ecological regions.  
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Table 2. Frequencies of adaptation practices in percentage by agro-ecological regions of Nepal.  
Adaptation practices Terai  Hill Mountain Total 
No adaptation 6.25 6.67 13.75 8.89 
Crop/varietal adjustment         
Grow diverse crops/varieties 36.25 42.50 39.58 39.44 
Grow drought tolerant crops/varieties 15.00 11.67 2.50 9.72 
Grow short duration crops/varieties 22.08 13.33 18.75 18.06 
Grow insects/diseases resistant crops/varieties 17.50 14.58 5.42 12.50 
Grow less water intensive crop/varieties 22.92 30.83 29.17 27.64 
Crop rotation 26.25 37.08 14.17 25.83 
Intercropping/mixed cropping 21.25 30.42 11.67 21.11 
Change planting locations of crops 17.50 27.92 8.75 18.06 
Farm operations time adjustment         
Change planting date/ harvesting date 56.67 38.75 32.08 42.50 
Adjustment in time of weeding, pesticide 
application 
11.25 13.75 2.92 9.31 
Soil and water management         
Mulching 8.33 17.08 5.00 10.14 
Cover crops 17.08 11.67 11.25 13.33 
Reduce tillage 21.67 0.83 4.58 9.03 
Fallowing 17.50 1.25 1.67 6.81 
Terrace construction 5.00 18.75 7.92 10.56 
Agroforestry 29.58 34.58 13.33 25.83 
Rain water harvesting 2.08 10.83 11.67 8.19 
Flood control 37.50 12.08 9.17 19.58 
Improve/increase irrigation 38.33 13.75 47.50 33.19 
Fertilizer management         
Improve/increase chemical fertilizer use 42.08 25.42 17.08 28.19 
Improve/increase farm yard manure use 31.67 39.17 40.00 36.94 
Off-farm adjustment         
Keep more livestock 7.92 15.42 2.92 8.75 
Weather forecasts  16.67 5.42 4.58 8.89 
Livelihood diversification    15.83 2.92 2.08 6.94 
 
 
 16 
 
Importance of observed adaptation measures  
While Nepalese farmers have been active in implementing various adaptation practices in 
dealing with climate change, they have not been equally effective in making choices which 
minimize its adverse impacts. That is, they have not always chosen the practices which are 
most effective, feasible and sustainable.  
 
Through a stakeholder workshop in each ecological region, the identified adaptation practices 
are assigned weights based on these three attributes. The importance of the adaptation practices 
based on their effectiveness, feasibility and sustainability are shown in Annex 1. The weight 
ranges between 4 and 26. As ranked by the local stakeholders, the relatively most important 
practices are improving and increasing irrigation, agroforestry, farm yard manure management 
and growing diverse crops and varieties  - their  the average score were 23.7, 22.3, 22.0 and 
21.7 respectively. The important adaptation practices in the Terai region are farm yard manure 
management, increasing and improving irrigation, growing diverse crop varieties and 
controlling flood during heavy rainfall. In the Hill region, agroforestry, increasing and 
improving irrigation, growing drought tolerant varieties and growing diverse crops and 
varieties are the main adaptation practices. Similarly, in the Mountain region, increasing and 
improving irrigation, agroforestry, growing diverse crops and varieties and farm yard manure 
management are the most important adaptation practices.  
 
Comparing the importance of adaptation practices and their level of adaptation shows that 
growing diverse crops and varieties, irrigation improvement, farm yard manure management 
and changing planting and harvesting date are important. Moreover, a relatively larger 
percentage of farmers are adopting these practices. However, the adaptation practices such as 
growing drought tolerant, less water requiring, diseases and insect resistant crops and varieties 
are important in all three agro-ecological regions. Yet, a relatively smaller percentage of 
farmers are adopting these practices in their farm land. Farmers have explained that low 
adoption of these practices is due to the unavailability of such crops and varieties.  
 
The frequencies of adaptation practices and their respective weights generated from the 
stakeholder workshops in each agro-ecological regions were used to calculate the adaptation 
index for the individual farming household. The average adaptation index is 90.1. The regional 
level calculation of the adaptation index shows that farmers in the Terai, Hill and Mountain 
regions have average adaptation index values of 99.1, 115.3 and 56 respectively. Annex 2 
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presents the details of adaptation practices adopted by farmers in rice, maize and wheat fields. 
The results show the average adaptation index per farming households for rice, maize and 
wheat is 76.7, 67.1and 53.5 respectively.  
 
Econometric results 
By following the maximum likelihood method, we estimate an envelope frontier which is 
obtained by pooling all the sample observations across regions. This provides comparable 
technical efficiencies scores for firms across different regions. Then the TE score of each of 
the sample farming households in each agro-ecological region is estimated relative to a single 
common best practice frontier7.  
 
The maximum likelihood estimates for the estimated CD and TL models are presented in Table 
3. The results show that the estimated mean output elasticities of all the four inputs in the CD 
model were positive and significantly different from zero (P<0.01) indicating a positive 
relationship of the input variables with crop production. The estimated coefficient, 0.26 for 
land in the CD model, is the estimated percentage increase in the value of agricultural 
production due to a 1 % increase in the area of land. Similarly, a 1 % increase in labour, 
fertilizer and capital is estimated to increase agricultural production by 0.34, 0.09 and 0.21 
percentage respectively.  
 
The results of the TL model are interesting. While the coefficients of land, labour and fertilizer 
are not significant the coefficient of land squared is positive and significant, indicating a U-
shaped curve. The coefficient of labour squared is negative and significant, indicating an 
inverted U-shaped response function. The coefficient of capital is positive and significant 
revealing a 1% increase in capital increases agricultural production by 0.51%. However, the 
negative and significant coefficient of capital squared indicates that the higher amount of 
capital investment is not beneficial in increasing agricultural production. 
 
                                                 
7 We do not estimate different frontiers for farming households across different regions. Also in estimating a 
common frontier for all the farming households regardless of level of adaptation, our assumption is that production 
technologies are identical across all farmers in the sample, that is, technology is common to all producers. 
Furthermore, given the large number of adaptation practices that are used by farmers in small scale, it is 
challenging to group farmers based on adoption of adaptation.  
 18 
 
The sum of the first-order coefficients of four inputs which are referred to as the scale elasticity, 
reveals decreasing returns to scale in both the models8. This suggests that, for the farming 
households under study, an increase in all inputs by a certain proportion would result in a less 
than proportionate increase in output. The decreasing returns to scale is common in agricultural 
production (Neumann et al., 2010). Rahman (2011) and Reddy and Bantilan (2012), also 
reported decreasing returns to scale in crop production by Bangladeshi and Indian farmers. The 
variance parameter  is 0.65 which is significantly different from zero in both models. This 
indicates that about 65% of the error variation in the production function was due to the 
inefficiency error Ui9.  
 
A CD versus a TL specification was tested using a generalized likelihood ratio test. The 
resulting test rejects the null hypothesis 10  of CD in favour of the TL model at the 5% 
significance level. Hence, the TL functional form is more appropriate than the CD functional 
form for our data. We therefore chose the TL model estimates to further explain the results.   
 
Technical efficiency scores 
The TE scores obtained based on the estimated production function revealed the presence of 
inefficiency among the farming households. The mean TE is 0.72 ranging from about 0.14 to 
0.93, indicating that farming households, on average, could increase agriculture production by 
28% while using the same level of inputs.  
The results show that about 68% of 
households were below the efficiency 
score of 80 (Figure 2). The results indicate 
that if the average farmer of the sample 
could achieve the TE level of its most 
efficient counterpart, average farmers 
could increase output by approximately 
23% (i.e., 1- 72/93). Similarly, the most 
                                                 
8Returns to scale indicate whether the production model exhibits increasing, decreasing, or constant returns to 
scale. Returns to scale reflect the degree to which a proportional increase in all inputs increases output.  
9 The estimate of the variance parameter of the likelihood function allows us to test the null hypothesis that the 
inefficiency effects are absent. If the variance parameter is zero, than there is no inefficiency associated with the 
sampled farming households.  
10The null hypothesis here is that Cobb-Douglas functional form which better fits the data than the Translog form. 
The LR statistics, LR = -2(log Likelihood (H0) – log Likelihood (H1)), LR = 74.64, reject the null hypothesis.  
Fig 2. Distribution of technical 
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inefficient farmer could increase output by approximately 85% (i.e., 1-14/93), if the level of 
TE could be increased to its most efficient counterpart. 
 
Table 3. The maximum likelihood estimates of the stochastic frontier production function in 
terms of the Cobb-Douglas and Transcendental logarithmic (Translog) functional form 
Variables Cobb-Douglas Translog 
Production frontier Coefficient SE Coefficient SE 
Constant 7.960*** 0.253 5.098*** 0.969 
Ln (land) 0.262*** 0.042 -0.255 0.319 
Ln (labour) 0.341*** 0.049 0.446 0.344 
Ln (fertilizer) 0.093*** 0.024 0.054 0.184 
Ln (capital) 0.217*** 0.036 0.507*** 0.149 
Ln (land) x Ln (land)   0.059** 0.029 
Ln (labour) x Ln (labour)   -0.183*** 0.041 
Ln (fertilizer) x Ln (fertilizer)   0.003 0.015 
Ln (capital) x Ln (capital)   -0.088*** 0.021 
Ln (land) x Ln (labour)   -0.192*** 0.065 
Ln (land) x Ln (fertilizer)   0.018 0.035 
Ln (land) x Ln (capital)   0.165*** 0.054 
Ln (labour) x Ln (fertilizer)   -0.061 0.051 
Ln (labour) x Ln (capital)   0.181*** 0.059 
Ln (fertilizer) x Ln (capital)   0.029 0.029 
Technical inefficiency model     
Constant 1.355*** 0.308 1.001*** 0.299 
Adaptation  -0.017*** 0.006 -0.016*** 0.006 
Farming experience -0.021*** 0.006 -0.015*** 0.005 
Education -0.146*** 0.031 -0.148*** 0.037 
Distance to market 0.018*** 0.007 0.017** 0.008 
Share of irrigated land -0.001 0.002 -0.001 0.002 
Membership -0.469*** 0.115 -0.753*** 0.122 
Variance parameters     
sigma-squared 1.252*** 0.173 1.158*** 0.191 
gamma 0.648*** 0.067 0.649*** 0.079 
Log (likelihood)  -797.208   -759.889  
Mean of efficiency  0.715   0.724  
***, ** and * = Significance at 1%, 5% and 10% level respectively.  
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Table 4 shows the mean efficiency scores obtained from meta-frontier by key characteristics 
of the farming households. Our results are robust given the efficiency scores and the effects of 
variables in explaining inefficiency are similar in CD and TL specifications. We find that 
farming households with a higher adaptation index are on the average 13% more efficient than 
those with a lower adaptation index. Farming households with a relatively higher education 
level for the household head are about 9% more efficient than those with a lower education 
level. Similarly, households with larger landholdings are (7%) more efficient than those with 
smaller landholdings. Households growing a higher number of crops are (4%) more efficient 
than those growing fewer crops and households involved in selling agricultural products are 
(7%) more efficient than those growing only for household consumption. The results further 
show that farming households in the Hill and Terai regions are 13% more efficient than farming 
households in the Mountain region of Nepal. 
Table 4. Summary results of the technical efficiency scores by household characteristics 
Characteristics Mean SD Kruskal-Wallis test 
By adaptation level11     P = 0.000 
Low 0.658 0.159 
High 0.793 0.074 
By education level     P  = 0.000 
Low 0.683 0.167 
High 0.767 0.092 
By farm size     P = 0.000 
Small 0.690 0.171 
Large  0.760 0.090 
By number of crops     P = 0.014 
Few (<3) (n=356) 0.706 0.165 
More (>3) (n=348) 0.745 0.109 
By purpose of production     P = 0.000 
Only for family consumption (n=338) 0.689 0.157 
Also for sale (n=336) 0.761 0.110 
By ecological regions     Terai vs Hill: P = 0.25 
Hill vs Mountain: P = 0.000 
Terai vs Mountain: P = 0.000 
Terai (n=233) 0.766 0.093 
Hill (n=235) 0.769 0.091 
Mountain (n =236) 0.641 0.179 
                                                 
11 We divide the sample into two groups based on adaptation level, education level, and farm size with median 
in the sample as the breakpoint. 
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Table 5 shows the effect of adaptation on TE across agro-ecological regions. In all three regions, 
the TE score of farming households with the higher level of adaptation is significantly greater 
than households with a lower level of adaptation. The households with the relatively higher 
level of adaptation are 10%, 9% and 16% more efficient than households with the lower level 
of adaptation in the Terai, Hill and Mountain region respectively. The results also show that 
farming households in the Mountain region are more responsive to adaptation. That is there is 
a relatively larger effect from adaptation in improving production efficiency in the Mountain 
region in comparison to the Hill and Terai regions. As discussed earlier, the adaptation index 
is lower in the Mountain region. Nevertheless, there is considerable scope for increasing 
efficiency and hence production by better application of key adaptation practices in all regions 
but which would have a more marked effect in the Mountain region. 
 
Table 5. Level of adaptation and TE by agro-ecological regions 
 Agro-ecological regions Level of adaptation Kruskal-Wallis test 
Low  High  
Mean S.D. Mean S.D. 
Terai 0.716 0.093 0.816 0.064 P = 0.000 
Hill 0.724 0.101 0.814 0.044 P = 0.000 
Mountain 0.563 0.192 0.717 0.123 P = 0.000 
 
Adaptation and technical efficiency by crop type 
Different crops are affected differently by the impacts of climate change.  Similarly, farmers 
are adopting diverse adaptation practices in different crops fields (annex 2). Thus there are 
clear benefits from knowing which crops are more responsive to adaptation practices adopted 
by farmers. By following the maximum likelihood method and using equation 7, we estimated 
stochastic production frontier for three major crops grown in Nepal: rice, maize and wheat12. 
The estimated parameters are presented in Table 6. The average TE scores for rice, maize and 
wheat are 0.76, 0.79 and 0.77 respectively indicating the considerable scope for increasing 
production at the existing level of inputs and technology.  
 
                                                 
12 The principal crops dominating the agricultural sector are rice, maize and wheat together accounting for more 
than 90% of the cultivated area and food grain production in Nepal. 
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Table 6. The maximum likelihood estimates of the stochastic frontier production function using 
Translog functional form for rice, maize and wheat 
Variables Rice Maize Wheat 
Production frontier Coeff. SE Coeff. SE Coeff. SE 
Constant 7.436*** 0.766 8.807*** 1.636 7.252*** 0.938 
Ln (land) 0.893** 0.417 2.120*** 0.595 0.973* 0.541 
Ln (labour) -0.002 0.279 -0.735 0.541 1.403*** 0.421 
Ln (fertilizer) 0.145* 0.081 -0.173 0.359 -1.707*** 0.330 
Ln (seed) 0.258** 0.124 0.148 0.398 1.084* 0.465 
Ln (land) x Ln (land) 0.071 0.062 0.159** 0.064 -0.001 0.079 
Ln (labour) x Ln (labour) -0.038 0.038 0.250*** 0.068 -0.026 0.052 
Ln (fertilizer) x Ln (fertilizer) 0.013 0.013 0.020 0.023 0.189*** 0.041 
Ln (seed) x Ln (seed) -0.034 0.036 0.063 0.047 0.081* 0.047 
Ln (land) x Ln (labour) -0.106 0.069 -0.079 0.120 0.328*** 0.104 
Ln (land) x Ln (fertilizer) 0.071* 0.040 -0.072 0.064 -0.254*** 0.079 
Ln (land) x Ln (seed) -0.009 0.081 -0.148* 0.084 0.019 0.122 
Ln (labour) x Ln (fertilizer) 0.020 0.025 -0.038 0.055 0.051 0.088 
Ln (labour) x Ln (seed) 0.025 0.054 0.035 0.107 -0.318*** 0.095 
Ln (fertilizer) x Ln (seed) -0.030 0.030 -0.081* 0.046 -0.106 0.070 
Technical inefficiency model       
Constant 1.117*** 0.414 0.996*** 0.235 0.264 1.750 
Adaptation  -0.009*** 0.002 -0.004*** 0.002 -0.009** 0.005 
Farming experience -0.012* 0.006 -0.014** 0.007 -0.007 0.020 
Education -0.015 0.021 -0.063** 0.029 -0.048 0.067 
Distance to market 0.008** 0.004 0.000 0.003 0.153* 0.091 
Share of irrigated land -1.266*** 0.380 0.001 0.002 -0.020* 0.012 
Membership -2.078*** 0.427 -0.222 0.182 -0.062 0.563 
Variance parameters       
sigma-squared 0.717*** 0.108 0.303*** 0.037 0.610* 0.341 
gamma 0.948*** 0.012 0.251* 0.136 0.857*** 0.049 
Log (likelihood) -133.036  -293.201  -28.601  
Mean of efficiency 0.762  0.798  0.774  
***, ** and * = Significance at 1%, 5% and 10% level respectively.  
 
Table 7 shows the effect of adaptation on the TE of rice, maize and wheat. For all the crops, 
the average TE score of farming households with the higher level of adaptation is significantly 
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greater than households with the lower levels of adaptation. Households with the relatively 
higher level of adaptation are about 10%, 17% and 5% more efficient than households with 
lower levels of adaptation for rice, maize and wheat respectively. This reveals the opportunity 
to increase production of major crops by practicing better adaptation measures on a larger scale.  
 
Table 7. Level of adaptation and technical efficiency for rice, maize and wheat 
 Agro-ecological regions Level of adaptation Kruskal-Wallis test 
Low  High  
Mean S.D. Mean S.D. 
Rice 0.712 0.190 0.814 0.119 P = 0.000 
Maize 0.710 0.136 0.881 0.075 P = 0.000 
Wheat 0.750 0.158 0.796 0.147 P = 0.001 
 
Technical inefficiency effect 
The results indicate that the variables included in the technical inefficiency model are important 
in explaining the levels and variations in agricultural production in Nepal13. The variable 
adaptation is positively and significantly associated with TE in all the models. This indicates 
that households adopting a greater number of adaptation practices on a large scale are more 
efficient than those implementing fewer adaptation practices on a smaller scale. This study 
therefore indicates that agricultural production in Nepal can be increased with the existing level 
of inputs and technology if farmers are supported and encouraged to follow climate change 
adaptation practices being implemented by efficient farming households.  
 
The effect of farming experience on TE is positive and significant in all the models except for 
wheat, where it is negative but not significant. These results indicate that farmers with more 
years of farming experience exhibited higher levels of TE. These results are similar to the 
findings of (Chen et al., 2009; Omonona et al., 2010). It suggests that the more experienced 
household heads can better manage agricultural activities and adapt to new farming practices 
than less experienced ones, thereby increasing the TE of agricultural production.  
 
                                                 
13 The estimates of  is bounded between 0 and 1. If  = 0, inefficiency is not present, and if  = 1, there is no 
presence of random noise. In our study, the estimated value of  is significantly different from zero in all the 
models, thereby revealing the presence of inefficiencies in agricultural production. 
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The coefficients of variable education are negative in all the models but are significant in 
overall agricultural production and maize production. This reveals that farming households 
with a higher education level of household heads are more efficient than those with lower levels 
of education. This may be due to household heads with higher levels of education implementing 
better farming management practices, and hence having a positive impact on efficiency. While 
some studies reported positive effects of education on farm level efficiency (Asadullah & 
Rahman, 2009; Solís et al., 2009) others provided evidence of negative effects (Coelli & 
Fleming, 2004).  
 
The role of irrigation is vital in agricultural production. Our results show a positive association 
between percentage of irrigated land and TE in rice and wheat production. This is in line with 
the findings of (Rahman, 2011) that access to irrigation improves TE of rice farmers in 
Bangladesh. Although not significant, the association is positive in overall agricultural 
production but is negative in maize production. This may be due to the fact that a majority of 
Nepalese farmers grow maize in unirrigated conditions.  
 
The distance to market is positively associated with technical inefficiency. Thus, farming 
household located near to markets are more efficient than household living farther away. The 
reason behind this may be that the farming households living near to market have easy access 
to inputs such as fertilizers, seeds, pesticides and farming equipment allowing timely 
application of these inputs and thereby raising the efficiency of production. Furthermore, better 
access to markets may lead to market-oriented production. This could increase farmers’ 
motivation to put more effort in agricultural production for sale in markets, thereby increasing 
production efficiency.   
 
The farming households that are associated with farmer groups or associations are found to be 
more efficient in overall agricultural production and rice production. A general expectation is 
that farmers share information on farming practices, markets and other production related 
issues in groups that enhance their skill and knowledge in farming. This result is consistent 
with the findings by Binam et al. (2004) in a Cameroon study. However, it is at odds with the 
earlier findings of Binam et al. (2003) that membership of a farmers’ association negatively 
affects the TE of maize farmers in Malawi.  
 
 
 25 
 
4. Conclusion 
The actual impacts of climate change on agricultural production at the household level depend 
on the adaptive capacity of farming households and their decision to deploy adaptation 
measures. The results of this study of Nepalese farmers clearly reveal that implementation of 
adaptation practices designed to combat the negative impacts of climate change, increase 
agricultural production efficiency. The stochastic production frontier result shows a 
significantly higher TE of farming households that are applying a greater number of adaptation 
practices on a larger scale compared to the farming households whose adaptations are on a 
smaller scale. Also, adaptation is found to be an important factor in explaining efficiency 
differentials between farming households. These conclusions suggested that policies should 
focus on identification, improvement and promotion of climate change adaptation practices.  
 
The results also reveal that Nepalese farmers are not fully technically efficient. The mean 
efficiency achieved was 72% for agricultural production overall, 76% for rice production, 79% 
for maize and 77% for wheat, suggesting agricultural production could be increased under 
existing technological conditions. Specifically, this study indicates that efficiency 
improvements can be achieved by raising the education level of farmers, improving irrigation, 
and by better market development through targeting local agricultural production. Equally TE 
can be further improved by encouraging farmers to join agricultural related associations and 
via the formation of farmer’s groups that provide farmers the opportunity of sharing 
information on improved cultivation practices by interacting with other farmers. 
 
Given policy makers need evidence-based policy options to develop and promote adaptation 
against the adverse impact of climate change, this study has particular relevance. It provides 
data on the positive and significant effects of farmers’ adaptations to climate change on the 
efficiency of agricultural production. Demonstrated is that farmers’ adaptation can make a 
valuable contribution both to minimizing the adverse impact of climate change and to 
increasing the efficiency of crop production.  
 
Many least developed countries including Nepal are in the process of developing and 
implementing national, regional and local level climate change adaptation plans and programs. 
This study underlines the importance of taking into account farmers’ traditional skills and 
knowledge in adapting to climate change in the course of planning and implementation of such 
adaptations. Indicated is that identification of important adaptation practices exercised by 
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farmers, the further improvement of such practices and development and implementation of 
planned adaptations, increases both agricultural production and productivity. The findings of 
this study therefore provide supportive evidence for policy makers in developing countries such 
as Nepal to design appropriate climate change adaptation strategies. Such strategies can 
increase the resilience of agricultural production systems, minimize the adverse impacts of 
climate change on agricultural production and thereby improve the food security of smallholder 
farmers.  
 
Methodologically, this study has two important contributions. First, it advances the methods 
which measures adaptation practices exercised by small-scale farmers taking into account the 
scale of implementation. The other contribution is that it demonstrates the importance of 
comparing the household surveys results between Nepal’s multiple regions and between 
different crops. In this way the robustness of key relationships across samples is tested. Such 
comparisons can have important implications relating to whether policies aimed at increasing 
productivity in one region or a particular crop can be applied to others.  
 
Our study does have limitations. In assessing the impact of climate change adaptation practices 
on production efficiency, we only take into account TE. However, consideration of profitability 
and the environmental impact of such practices is equally important. Further research and 
analysis is therefore clearly warranted to investigate the economic and environmental 
efficiency of implementing climate change adaptation practices at the farm level. 
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Annex 1.  Weighting of adaptation practices by ecological regions based on effectiveness, feasibility and sustainability 
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Annex 2. Details of adaptation practices in Rice, Maize and Wheat 
Adaptation practices Rice (n=422) Maize (n=382) Wheat (n=160) 
Frequency 
(%) 
Started 
since 
(years) 
Exercised 
area (%) 
Frequency 
(%) 
Started 
since 
(years) 
Exercised 
area (%) 
Frequency 
(%) 
Started 
since 
(years) 
Exercised 
area (%) 
Grow drought tolerant  varieties 23.46 3.64 50.21 14.66 5.02 55.32 10.63 5.85 37.05 
Grow short duration varieties 22.51 9.67 52.23 19.63 6.16 58.14 20.00 6.84 74.21 
Grow disease/pest resistant varieties 13.98 6.63 49.12 12.04 4.50 63.62 30.63 4.41 76.12 
Grow flood tolerant varieties 15.17 4.08 50.88             
Grow cold tolerant varieties             8.75 6.00 47.50 
Change planting location of varieties 21.09 5.31 50.15 13.87 4.72 55.91 4.38 5.43 66.43 
Increase seed rate 16.35 8.13 80.34 9.16 6.94 56.32 41.88 7.16 94.47 
Cultivation of direct seeded rice 2.37 7.08 59.58             
Change sowing/planting/harvesting date 17.30 6.17 54.72 17.28 4.49 53.23 5.00 6.67 45.00 
Seed priming 21.80 8.49 89.85 10.47 12.45 87.63 2.50 8.45 90.02 
Improve/increase irrigation 15.64 7.69 57.63 19.63 6.01 88.73 7.50 4.50 54.17 
Sowing seed at deeper depth       7.85 7.76 86.82       
Increasing number of earthing-up       10.21 5.23 47.25       
Reducing number of earthing-up       9.16 5.98 52.01       
Construction of water ways during heavy 
rainfall 
24.64 6.96 41.26 6.54 5.43 35.48 5.00 6.87 50.63 
Reduce tillage 8.29 4.05 19.61 11.26 4.39 49.37 8.13 6.54 64.23 
Increasing number of weeding 18.48 11.41 53.54 12.57 6.21 65.32       
Soil conservation techniques 13.27 4.42 36.32 11.78 5.83 23.86 2.50 5.00 51.25 
Improve/increase chemical fertilizer use 22.99 7.34 57.10 25.13 6.61 55.00 13.13 5.47 70.71 
Improve/increase farm yard manure use 33.41 9.30 70.74 46.34 7.18 73.96 10.63 10.23 74.12 
Use more pesticides 15.40 4.46 58.71 13.61 4.38 45.32 19.38 4.64 79.67 
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